Prismatic film offer advantages such as the possibility of transmit light effectively in lighting applications with the benefit of reducing energy consumption. This paper presents several developments based on their characteristics which allow direct light suitably in several fields as architecture, road and automotive lighting and signaling. A mathematical model is presented to provide a quantitative estimation of the influence of numerous factors that affect the transport of light in order to easily predict light extraction while avoiding heavy software calculations. The deformation produced in a prismatic film induced by changes in the curvature of the cylindrical guide is characterized by image analysis. This method shows the relationship between the curvature of the film, the deformation and the flux of transmitted light.
INTRODUCTION
Controlling lighting is an essential condition for the improvement of human life's quality, the reduction of the energetic consumption and the cutback of the overall costs. Although new optical fibers of plastic materials, high core diameter transmit light with little attenuation in the visible spectrum there are limited ways to extract the light efficient and controlled during the fiber path [1, 2] . Some recent developments within the automobile industry comprising optical guides in which the light beam is propagated [3] , including sometimes an output face and one reflection surface comprising different configurations of prisms [4] . Hollow light guides are among the most used guidance systems with minimum loss and can function as a high efficiency luminaire. Within the classification of hollow guides, prismatic guides offer an innovative alternative with minimum loss and excellent quality. Thanks to the microprismatic geometry of the sheet and their high degree of transparency, a large part of the light is directed under the optical principle of Total Internal Reflection. PLGs has been developed by modifying the system geometry according to the objectives [5, 6] . Furthermore, prism rods comprising a reflecting area located and holding a plurality of light-deflecting prisms have been designed with a more homogeneous appearance of lighting surfaces [7] . Therefore, hollow prismatic light guides are optical elements providing a wide range of design alternatives. PLGs are giving better light quality than other guidance alternatives because it changes minimally the color characteristics of the output light at the end of the guide [8] .
The transmittance or efficiency of the prismatic guide depends mainly on the size of the guide and the angle of incidence of the incident light. Defects in manufacturing and materials lead to irregularities on the surface modifying the behavior of incident rays, producing consequently a progressive reduction of the luminous flux that is transmitted in prismatic films through TIR [9, 10, 11, 12] . Therefore, surface defects are an important factor to take into account in furtherance of their optical development.
In addition to areas such as lighting in architecture, the automotive illumination and display technology has undergone considerable technological advances in recent decades such as the use of LEDs which represents an industry breakthrough in lighting technology and is rapidly becoming the most important innovative technologies around the world in the lighting community [13, 14, 15] . This paper show several developments related to the performance of prismatic sheets. Firstly it is shown a mathematical model based on experimental and theoretical measures to determine the efficiency in the PLGs [11] . Later, it is provides a method of characterizing the deformation produced in a prismatic film induced by changes in the curvature. This method is based on recognition procedures and image analysis. Experimental quantifications evince light losses due those changes [12] .
ESTIMATION OF TRANSMISSION EFFICIENCY BY A MATHEMATICAL MODEL
A mathematical model has been developed to estimate light losses in the prismatic guides by the influence of several parameters: the defects in prismatic vertices, the coefficient of absorptance of the material and the defects of the film. The losses are analyzed through efficiency Tg, to evaluate the system's capacity in light guidance. The efficiency is defined as:
Where i is the total flux that enters into the guide and t is the flux intercepted at different positions of the guide. The variation of a magnitude decreases proportionally according to a negative exponential model. The proposed expression containing several independent terms is:
where r is the radius of the vertices of the prisms, µ is the absorptance coefficient of the prismatic film and ρ is the aspect ratio of the light guide (ρ= Length/Diameter). The radius r is considered the main source of losses due to the greater concentration of superficial defects located at the vertices of the prisms of the prismatic film. Absorptance µ is the second terminus of the equation, its contribution is important to improve the fit. The third variable includes several factors containing residual losses related to defects of the prismatic film: stretch marks, inhomogeneities of the material and other. k1, k2 y k3 are the parameters of adjustment of each term which are obtained by means of theoretical and experimental calculations.
The theoretical results (k1 and k2) are based on measurements with realistic simulations carried out by the use of the raytracing software called Tracepro 7.4. The third variable k3 is an adjustment value obtained from data evaluated experimentally. The values obtained are: k1 = 2.6 103 m −1 , k2 = 5.8 103 m y k3 = 1.3 10 −3 ( Fig. 1 (a) . The results in efficiency of the semi-empirical model have been compared with the data of simulations and experimental measurements ( Fig. 1 (b) . The results of the experimental measurements (solid black line) are superimposed on the model fit of Eq. 2, which is shown by a red continuous line in Figure 1(b) and takes into account all loss factors, that is, k1, k2 and k3.
PERFORMANCE OF PRISMATIC FILM INDUCED BY CHANGES IN CURVATURE 3.1. Deformation of the prismatic angle
Prismatic sheets must be bent to fit the shape of some surfaces, so changes induced by curving the prismatic film give rise to deformation shifts. An experimental characterization method is provided in order to obtain a detailed analysis of the rate of angular deformation of the prismatic structure due to changes in the geometry for bending the film. Through image processing algorithms, changes in prism apex angle due to the curvature are experimentally evaluated in a transverse section of prismatic film. Those analysis were carried out in seven curvatures, from plane to radius 66.67 m -1 .
Firstly, a threshold determined from the grey-level histogram is applied to the input image in order to make it binary. Secondly, the profile edge is obtained using Canny operator [16] , this operator is an optimal edge objects and hard edges. Finally, we used the Hough Transform (HT) [17] to detect the parameters that control the accuracy of the right angle at the vertex of the prism. 
Light transmitance in curved Prismatic Film
Light losses of prismatic film used in PLG, with a range of curvatures from plane to 57.14 m -1 were experimentally measured using physical proto-types on a real size scale to investigate the influence of curvature of prismatic film in flux transmittance.
Light supplied by the He-Ne laser (JDS Uniphase 1508 Helium Neon Gas Laser) is injected into the plane surface of the prismatic film for several incidence angles. The fraction of the total flux loss induced by curvature as a function of the angle of incidence is recorded by a photometer (Gamma Scientific's flexOptometer) The light flux lost rate obtained k (Fig. 3) was estimated by dividing the transmission measurements through the film obtained for each particular curvature ki by the transmission obtained with the corresponding incident flux t (k=ki/t). The light flux rate escaped through the film is minimum in plane structure. After curvature deformation, there is a high increase in flux lost, resulting in a mean loss from 1.5 to 3.2 % in flux loss of PLG with curvatures higher to 20. Losses increase with the increasing incidence angles.
CONCLUSIONS
It is important to analyze the failures that limit prismatic film as an optical guidance system, such as, for example, vertices that do not meet the strict angular relationship, surfaces that are not optically smooth and inhomogeneities in the materials used, and alter transmission of light.
It is shown the influence that diverse parameters have on the operation of prismatic sheets as an element of guided light and how they affect efficiency through a mathematical model.
The relation between curvature and lighting efficiency of prismatic sheets is shown. Results demonstrate good agreement between prism deformations and light flux propagation rate obtained by experimental measurements depending on the curvature.
